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INTRODUCTION 


A set of 48 concrete-walled soil frames or bins which had been 
used 7 years for a wide variety of crops was turned over to the writer 
in the spring of 1934 for use in forest tree studies. The fer- 
tility level varied greatly as a result of the previous treatments, 
and crop responses had been most striking. The frames provided 
opportunity for experimenting with trees in what were essentially 
pot culture tests, and the object of the study was to observe the 
behavior of the trees under reasonably controlled conditions where 
presumably the only variable was tbe nutrient supply. Special 
emphasis is placed on the results with hybrid poplar inasmuch as the 
stock came from a single clone of known genetic history. 


LITERATURE REVIEW 


The literature on fertilization of nursery stock and plantations is 
quite voluminous and in many cases contradictory. Much of the 
work done abroad is inapplicable to conditions in this country. 
The apparent discrepancies in the responses reported may be ascribed 
to differences in species, source of seed or planting stock, kinds of 
fertilizers, method and rate of application, weather conditions, fer- 
tility level, and physical condition of the soil. There is ample 
evidence that red pine is relatively unresponsive to fertilizers 
(9, 20).2 Results on spruce obtenalt by the writer (unpublished) 
and others frequently lack agreement, but the consensus of opinion 
is that the requirements of Norway, white, and probably red spruce 
are higher than those of red or Scotch pine. 

In the report of a special committee of the New York Section 
of the Society of American Foresters (7), it was stated that most 
hardwood and shrub species require better soils and are less able to 
withstand weed and grass competition than the average conifer. 
Red oak can grow almost anywhere once it is established, but sugar 
maple requires a fairly good site. 


1 Received for publication January 3, 1946. 
2 Italic numbers in parentheses refer to Literature Cited, p. 131. 
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There is reasonably good evidence (4, 8, 11) that growth of black 
locust and green ash is increased by fertilizers high in phosphorus 
and low in nitrogen and potassium. Cummings (3) found that 
growth differences with white ash were small but that there was a 

enerally beneficial effect from the highest application of nitrogen. 
Fellow poplar showed no significant response to any treatment. 

Very little work has been done on the nutritional requirements of 
hybrid poplars. Schreiner (16) found that they are particularly 
sensitive to inimical environmental conditions, and that the bene- 
ficial effect of sod, turned under, far exceeded that of fertilizers, 
even where comparatively large quantities of nitrogen were used. 


EXPERIMENTAL PROCEDURE 
SOIL FRAMES, TREATMENTS, AND PREVIOUS HISTORY 


The trees were grown in 3 sets of 16 frames, each frame being 
approximately 2 feet square (0.0001 acre) and 2 feet deep, without 
artificial bottoms, resting directly on the natural subsoil. They 
were constructed and filled in 1927, with Cheshire loam.* 

Treatments were 0, P, K, PK, N, NP, NK, and NPK, and the 
same repeated with lime.* The initial liming in 1927 increased the 
soil pH from 5.0 to 7.5 on tbe limed series. By 1939 it had dropped 
to 5.6, and the soils of the acid series averaged 4.75. Sufficient lime- 
stone was then added to raise the pH of the acid series to 5.2 and that 
of the limed series to 6.6. Beginning with 1939, calcium acetate was 
included with all nitrogen treatments in order to lessen the danger of 
calcium deficiency. Details of the treatments and the cropping history 
are given in table 1, and the arrangement of the frames is shown in 
figure 1. 

Choice of fertilizer materials was prompted by the desire to avoid 
accummulating nonessential ions, such as sodium, chlorine, etc., in 
the soil. The soil test data given in table 2 show the fertility status 
of the soil. It will be noted that all soils receiving nitrogen were more 
acid because of the nitric acid formed and the absence of bases to 
neutralize it. Nitrate nitrogen tests are not listed because they 
almost invariably showed low values as a result of the rapid utiliza- 
tion of nitrates by the growing crops. Phosphorus and potassium 
differences were extreme because of the long period of treatment. 
Calcium was increased greatly by lime. In all cases where the 
treatment included N but left out K, the Ca content was conspicu- 
ously low because Ca unites with nitric acid in the soil to form calcium 
nitrate which is either absorbed by the roots or leached downward. 
The same condition applies to magnesium but to a Jesser degree. 
With the inclusion of potassium in the treatment, this role of neutral- 
izer is shared by the potassium, hence the drain on calcium and 


3 Reddish-brown upland soil derived from Triassic sandstone and shale glacial 
till. The original profile consisted of 6 to 8 inches of dark-brown loam (A) 


’ 


overlying a slightly reddish yellow-brown sandy loam subsoil (B), which at 
24 inches, graded into a coarse, stony, redaish glacial till (C). Only the A and B 
horizons were used to fill the frames, the soil fromeach horizon being thoroughly 
— separately and placed in the frames in the same relative positions as in the 
eld. 
* 0=check; P=phosphorus; K=potassium; N=nitrogen; L=lime. 
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TaBLE 1.—Fertilizer and lime treatments given and cropping history of soil frames 
used in experiments 





























Materials and rate of application Crops 
Growing cence 
season Element or Carrier Pounds per West series | Middie series East series 
lime acre (frames 1-16) | (frames 17-32)| (frames 33-48) 
| PRE rae Celery 
RES ES N Urea 100 N Sweet corn 
1999 .- ce P H3PO, 200 P20; Spinach—tomatoes—rye 
1G sucess K K sou 100 K2O Lettuce—peppers—rye 
| tes al I CaCO; 8,000 CaC Og Dahlias 
IDR sien: ddentical all r yrs. except ‘for lime) Havana seed tobacco 
WA ke Bar ley—buckwheat—rye 
1096. ou se. 55.5 
Ree aa Same as above; half in spring, balf in fall Red pine Red oak Sugar maple 
MOB: ics ~ Seman 
i SF ocean \same as 1934-36 White ash White ash Sugar maple 
+ Urea 100 N 
- Ca acetate 30 Ca 
P CaHy(PO;)2 200 P20; 
We ke K KCI 100 K2Q White ash White ash | Norway spruce 
Meg? manos 60 MgO (1-0 stock) 
L3 CaCO; aried 
(Half in spring, half in “tall) 
N {( ramon 25 N 
1988: cic: r Ca acetate 30 Ca White spruce (seed) 
(Spring only) 
N Urea 25 N 
* Ca acetate 15 Ca 
1941 P CaHs(PO,y)2 50 P20; White spruce (continuation of growth start- 
ncHzereekrs k KCl 25 K20 ed in 1940) 
Mg? MgSO; 25 MgO 
(Spring only) 
Same as in 1939 except that lime was omit- |] qi. mite ae $ Y 
19892 BS ted, and only the spring application was I" gi ae re rene ps ee ee 
made, half in April, half in June y T a 
Same as in 1939, omitting lime and magne- | 
WS i cs { sium Hybrid poplar cuttings 
(Applied in April and June) { 








3 | Lime applied only twice—1927 and 1939. 

2 Magnesium applied to all frames. 

3 a CaCO; added to bring soils to uniform pH—5.2 for acid series, 6.6 for limed series. Applied in 
spring only 


TABLE 2.—Average values of soil acidity and quick tests in soils after treatments 
with different fertilizer elements and lime 


[Universal quick-test method (12) 





Pounds per acre of— | Pounds per acre of— 








my | 
Treatment ! | pH | | 
| ae Ca | Mg} Al | 












































| 
Treatment! | pH | 7 
| | Pp | K| Ca: |Mg| Al 
15} 90| 600] 15] 480 || L..........-- tous 30 | 140 | 3,400| 60| 80 
120 | 100} 530 | 25| 310 || LP..........-- 5.79 | 15 | 100 | 3,370 | 80} 50 
120 | 535 | 760] 50} 230 || LPK......_... 6.09 | 200 | 650 | 3,100 | 90) 25 
15 | 555 | 780] 30] 275 || LK__.__.__.. 6.28 | 30 | 610 | 3,460 | 60| 30 
15| 195 | 270] 15} 500]| LNK.._...... 5.50 | 20 | 575|2,170| 40| 200 
20} 85} 260] 10] 510 || LN... -| 6.19 | 204 120 | 1,470] 25} 270 
160} 85 | 270] 10} 400 | ENP Bolte 25 | 150 | 140 | 1,890 | 40 | 185 
160 | 200| 430] 15| 375 || LNPK.....__- 5.43 | 150 | 575 | 2,500 | 60 | 125 
78 | 231 | 480| 21| 3st | Average... [5.70 | 94 | 364 | 2,670 | 57] 121 








! L=lime. 

2 According to Dr. C. I. Bliss, Connecticut station biometrician, the arithmetic mean of the pH values 
comes nearer to describing the middle of the group than does the pH calculated from the mean of the hydro 
gen-ion concentrations. 
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magnesium is lessened. Aluminum tended to vary inversely with 
calcium and the pH values. 

It should be emphasized that the soil differences existing during the 
time when the trees occupied the ground and the effects of these 
differences on tree growth were due in part to the residual effect of 
previous treatments and in part to the current treatment. 





Figure 1.—View of soil frames, showing rye cover crop just prior to spading 
under in preparation for planting red pine, red oak, and sugar maple. Upper 
set—west series; middle set—middle series; lower set—east series. Photo- 
graphed April 21, 1934. 


Unfortunately, treatments were not randomized, and close proximity 
to greenhouses and a 2'-story building caused partial shade and an 
unevenness of snow cover resulting from interference with air currents. 
The earlier work reported in part in previous publications (9, 10) was 
more or less exploratory in nature and hence was not always replicated. 
It will be presented very briefly, most emphasis being placed on the 
hybrid poplars. 

KIND AND SOURCE OF STOCK 


Red pine (Pinus resinosa Ait.) hand-selected 2-0 stock, obtained 
from a local nursery, was planted 30 trees to the frame, and 2 years 
later thinned to 9 to the frame. Southern red oak (Quercus falcata 
Michx.) and sugar maple (Acer saccharum Marshall) 6- to 12-inch 
seedling whips were obtained from Tennessee and planted 5 to the 
frame. The oaks were cut back to 3 inches, and after 2 years, thinned 
to 1 tree per frame. At the end of 4 years the maples were thinned to 
3 per frame. One-year-old white ash (Frazinus omericana L.) seed- 
lings from a Connecticut State nursery were planted on 2 series, 5 trees 
to the frame. Norway spruce (Picea excelsa Link) 1-0 selected seed- 
lings, from a State nursery, were planted 30 to the frame. White 
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spruce (Picea glauca (Moench) Voss) seed, procured from a dealer, was 
sown at the rate of 6.25 gm. to the frame. 

The hybrid poplar cuttings used in this work were from nursery 
stock grown at Williamstown, Mass.° All the cuttings came from a 
single hybrid clone designated as OP-8. The parentage of this hybrid 
is Populus nigra L. (female) < P. laurifolia Ledeb. (male). The use 
of dormant, graded cuttings of a single clone eliminates most of the 
initial variation (due to size and inherent variability) to be expected 
from seedling stock (15). 

The cuttings were 12 inches long and graded as to diameter. Total 
weight of the six cuttings planted in each frame ranged from 65 to 77 
gm. with an average of 71.3 gm. Two buds were left above ground 
in all cases. The first application of fertilizer was made April 2; 
the cuttings were planted April 5, with five replacements on May 18 
from extra cuttings which had been started with the others. The 
second application of fertilizer was made June 14. Water was applied 
twice during the unusually dry weather of late summer. 

On August 17, one tree of average size was removed from each 
frame and plant tissue tests were run on the petioles. Green and dry 
weights were obtained on the bare stems. On October 11, petioles 
were removed from the upper third or half of each tree (except 18 
trees saved for subsequent rooting tests) and submitted to plant tissue 
tests. On October 29-30, all remaining leaves were stripped off, 
the whips cut off, and green and dry weights obtained. The 18 trees 
previously mentioned were weighed green and then placed in cold 
storage. In January 1944, cuttings from these were set in moist 
sand to determine whether previous treatment had affected rooting 
and sprouting ability. 

METHODS OF ANALYSIS 


Chemical analysis of oak, maple, and ash leaves were made by the 
usual laboratory methods *® on dried and ground leaves including 
petioles. In the case of the poplars, plant tissue tests were run on 
the fresh petioles by a modification of the method proposed by 
Wolf (21), which in turn is an adaptation of Morgan’s Universal Soil 
Testing System (1/2), to permit readings by means of the photelometer. 

Soil tests were made by Morgan’s method (12), except for the 
Caines kart sampling, when a modification of the Wolf (2/7) method 
was used. 


RESULTS WITH PINE, OAK, MAPLE, ASH, AND SPRUCE 
RED PINE 


Detailed data pertaining to the results with red pine have already 
been presented (9), and will be summarized only briefly here. At the 
end of the third season differences due to treatment were relatively 
small (table 3). Growth was definitely poorer with lime in seven 
cases out of eight. Potassium appears to have been beneficial, but 


5 The cuttings were obtained through the courtesy of Dr. E. J. Schreiner, of 
the Northeastern Forest Experiment Station. . 

6 Total nitrogen by the Gunning method modified to include nitrates. Ash 
constituents by the perchloric acid digestion of Gieseking, Snider, and Getz (6). 








118 Journal of Agricultural Research Vol. 74, No. 4 





weights taken on trees removed the preceding year during a thinning 
operation (data not given) showed no such indication. In six cases 
out of eight, the root-top ratio was lower on the limed soils (averages, 
limed 0.190; unlimed 0.209), and varied among the individual treat- 
ments from 0.166 to 0.241. Data obtained more recently in nursery 
studies of other conifers have been very inconsistent with respect to 
root-top ratios. No chemical analyses were made of the red pines. 


TaBLE 3.—Response of red pine and southern red oak to soil treaiment with fertilizer 
elements and lime 


RED PINE 





Average dry weight per tree (tops and roots)! 






























































Soil with— -—— Saw 
eae hae | PK | K | NK | N | NP | NPK 
eens SERS Lee TATRA ERO ESE 
| 

Grams | Grams | Grams | Grams | Grams | Grams | Grams | Grams | Grams 
NE ee ee 40.9 36.3 37.8 50.4 49.1 45.8 | 45.7 44.2 43.8 
BO cicctee he 35.5 37.0 33.0 42.9 46.3 | 40.4 39.6 38.8 39.2 
Average. _........-.-- 38.2 | 36.7 35.4 | 46.7| 47.7 | a0) 08.77) 4B 
Relative.............-| 100] 96] 93] 122] 125] wi3| i2]° 109). 

SOUTHERN RED OAK 

° | A ae 

Soil with— | Average green weight per tree (tops only)? ed ; 
BREA OAR Geen eran PES See r 
DS eee eae a ---| 187] 216 | 172 | 220] 213. | 48 | 133] HB | at 
Bee te oda ices ness at | 136 129 | 203 139 145 140 276 251 177 
PII BS oosh8 o 147 173 188 180 179 244 205 249 tt 
EE ae 100 118 128 122 122 166 140 fe fe 

















1 Based on 8-10 trees per frame, April 1937. 
2 Based on 4 or 3 trees in 1936, 1 tree in 1937. 


SOUTHERN RED OAK 


Typical of hardwoods, the individual red oak trees varied greatly 
in rate of growth. Obviously the small number of trees in each frame 
and the absence of replication seriously lower the validity of the data 
(table 3). However, certain trends may be noted: (1) growth aver- 
aged less on the limed soils, and (2), there was a general, if inconsistent, 
response to treatment. It is believed that the low value for NP and 
the very high value for N, both without lime, were decidely abnormal 
and cannot be attributed to the treatments. 

Chemical analysis of the leaves collected in the fall of 1935 showed 
relatively small differences. The data are summarized in table 4. 
The lower values for silica on the limed soils indicate that the calcium 
either repressed the absorption of silica or took its place to a certain 
extent. The same can be said in explanation of the slightly lower 
potassium content where lime was used. Phosphorus treatment 
resulted in a somewhat higher phosphorus content. In the absence 
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of phosphorus, silica absorption was increased on the unlimed soils. 
Potassium applied to the soil was not reflected in any increase in 
potassium in the leaves. 


TABLE 4.—Composition of southern red oak leaves collected in the fall of 1935 from 
trees in limed and unlimed soil 


[Average values for 8 treatments] 














Without lime With lime 
Constituent eugeapecta: Grex aac ioese : 
Average Range Average Range 
Percent Percent Percent Percent 
WO chic cee Gee dc Serhan cee a ee ee 4.89 4. 32-5. 19 4.85 4. 39-5. 25 
ines Tea 6 ua takh ihe tas kacaatebawscecwepeyelen Maekd 1.98 1, 85-2. 17 2.04 1, 86-2. 17 
cies Mh UR Dh SGU nee MERKEN Sea ne eak mh ced hp baowwe eos .14 .13- .16 .16 14.17 
RSP EE SELES 0, SEE Basra Re ae ay Se . 60 .49- .72 f 4 . 33- . 55 
Re ee ee i eee peebwaaie cache le 111 . 96-1. 24 1.00 . 92-1. 12 
MRS s daca eed eta sd ncaa atch mieaatcabeee sen eee 1. 03 . 84-1. 16 1. 20 . 98-1, 47 

















SUGAR MAPLE 


Like the oaks, the sugar maples were decidedly lacking in uniformity 
of growth. The data in table 5 show a positive response to lime in 


TABLE 5.—Response of sugar maple to soil treatments with fertilizer elements and 
lime 


[Average green weight per tree, exclusive of roots; based on 3 trees, 1939] 





Soil with— 0 Pp eee Pe of ee Tae ee 





Grams | Grams | Grams | Grams | Grams | Grams | Grams | Grams | Grams 
DEON cop ecg sna sm om ren 160 467 280 185 384 190 214 180 25 








oS SE AG ER Sei Rane 254 407 203 372 462 402 330 316 343 
Aver = 50.5 207 437 242 279 423 296 272 248 | 
7 ea ee 100 211 117 134 204 143 131 Se cine. 


























most cases. In general, growth was increased by fertilizer treatment, 
but no attempt is made to explain why the largest trees were those 
receiving the P and NK treatments, and next to the smallest those 
receiving the NPK treatment. 

Leaf samples were collected and analyzed separately in 1935, 1936, 
and 1938. Detailed data are given in table 6. The difference 
between years was highly significant for ash, N, K, and Ca; differences 
between treatments were all significant except those for nitrogen. 
Variations due to applied nitrogen were significant only for nitrogen, 
those due to lime were highly significant for ash and calcium, but not 
for phosphorus. The ash content was significantly affected also by 
phosphorus (directly) and potassium (inversely); potassium by the 
potassium treatment (directly), and calcium by the potassium treat- 
ment (inversely) as well as by lime (directly). 
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Taste 6.—Composition of sugar maple leaves from trees in soils treated with different 
fertilizer elements and lime 


MEANS OF 1935, 1936, AND 1938 ANALYSES 
























































Treatment ! Ash N P SiO: K Ca 
Percent | Percent | Percent | Percent | Percent | Percent 
| Se i teddis eibad em agion me E . 64 0.117 1. 87 0.71 1. 38 
| Se FREE PTSS ES : > 7. 57 1. 69 . 158 2.19 Be 1. 62 
_<_ RE side keae oe 6. 89 1. 68 . 186 2. 23 91 1. 25 
I Seen bb ieok 6. 63 1. 66 .124 1. 94 . 94 1.31 
| ae ca diisspsdomio Scab are 6. 84 1.74 . 150 1.94 1. 00 1. 24 
Seer : ; 7.31 1.79 . 144 2. 27 . 88 1, 34 
7.70 1. 67 . 136 2. 28 . 82 1. 56 
6. 60 1.73 . 140 2. 26 1.00 .97 
7.03 1.70 144 2.12 89 1. 33 
J a 1. 55 125 1.88 6s| 1.85 
8. 43 1. 66 . 224 2. 45 79 1.76 
7.98 1. 64 . 256 2.01 97 1. 64 
7. 55 1.74 - 152 2.15 95 1. 46 
7. 08 1. 68 . 127 1. 76 91 1.61 
7.47 1.81 132 2.01 | 74 1.78 
7.94 1.85 143 2. 27 76 1.95 
7.03 1.74 193 1.71 98 1. 57 
7. 66 1.71 169 2.03 | 85 1.70 
MEANS OF ALL TREATMENTS 
| | Ne a aio 
Year: | 
CE 2 SEAR SERA RE Taare Mc 6. 47 1.94 . 161 2.14 | .93 1. 48 
1936__. 7.63 1. 59 . 156 | 1.96 | .81 1.45 
Batali: Cat Sitecbacues cee 7.93 1. 59 . 152 | 2.17 87 1. 62 
SIGNIFICANCE OF VARIATIONS DUE TO YEARS AND TREATMENTS 2 
Years CRO ESLER S IS SBE Re hin ae ERS aio tears | Lid s* ‘itt | i | | * 
Treatments.. oft ES Es : | agit - - . | o | vd 
TS rie eaten monte sana 2 trae = 2s ieee, Cee” 
Balers eh . 4 ee * 6 | = oa 
tt BEET emits ** aoe fal, me: - | * 
SES ee - | _ * | ie - ey 
| | 
1 L=lime 


2 **Highly significant; *significant; *almost significant ; —not significant. 
WHITE ASH 


As white ash was grown on two series, the data were subjected to 
statistical analysis. From table 7, it is seen that there were signifi- 
cant differences between treatments, and that variations due to nitro- 
gen and to lime were highly significant. On the basis of average 
values, NP produced the Cocent trees, but statistically the effects of 
P were not significant. 

The means of the 1938 and 1939 leaf analyses are presented in table 8. 
Oddly enough, the leaves from the limed frames were practically no 
higher in calcium than those without lime, but their calcium content 
was significantly affected by N directly, and by K inversely. Nitro- 
= applications resulted in a higher concentration of nitrogen in the 
eaves on the unlimed plots only. The phosphorus content was in- 
creased by the phosphorus treatment, particularly on the plots with- 
out nitrogen. Plants receiving phosphorus had a tendency to take 
up more SiO, than those without phosphorus. The higher potassium 
concentration from the K-treated frames was almost significant. 
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Magnesium was affected, directly by the lime and inversely by the 
potassium treatments. 

During the 1938 growing season it was noticed that a considerable 
number of leaves were definitely crinkled and others had a dark 
mottled appearance, neither of which could be correlated with soil 
treatment. Analysis of such leaves shows (bottom of table 8) that 


TABLE 7.—Response of white ash trees to soil treatment with fertilizer elements and 
lime 


[Average green weight per tree, exclusive of roots, at the end of the third growing season, 1939; based on 
5 trees per frame] 


























Soil with— Series | 0 P PK K | NK N NP | NPK| Total 
Grams| Grams) Grams| Grams) Grams| Grams| Grams| Grams) Grams 
No lime..___...- RENE TEN 152 127 125 136 121 128 184 150 a 
Middle............| 73 129 90 83 193 123 157 134 
Total ede e Cie neiem eda hele | 225 256 215 219 314 251 341 284 2, 105 
Lie es Spal SRR es | 94| 134] 127] 128| 223] 163| 225| 272] 1,366 
; | ee | R4 118 91 80 213 230 275 201 1, 202 
NS: 5 Sh clatbesinc acc dice usa | 178 252 218 208 436 393 500 473 2, 658 





























ANALYSIS OF VARIANCE 








| Degrees Degrees 
Source of variation of F Source of variation of F 
freedom 
1.46 1 <1 
15. 23 1 2. 64 
147.11 1 <1 
19. 66 1 
3. 13 1 114. 23 























| Highly significant. 
TABLE 8.—Composition of white ash leaves from trees in soils treated with different 
fertilizer elements and lime 
MEANS OF 1938 AND 1939 ANALYSES 

















Treatment ! Ash N y SiOz K Ca Mg 
Percent | Percent | Percent | Percent | Percent | Percent | Percent 
5. 87 1,14 0. 127 0. 605 1.49 1.19 0. 126 
6. 39 1.05 . 213 . 715 1. 60 1.05 . 092 
6. 79 1.16 236 - 925 1. 67 - 93 . 099 
6.02 1.09 115 . 575 1, 67 1.05 . 074 
6.49 1, 58 139 . 605 1, 83 111 061 
6. 86 1.39 115 . 585 1.81 1,27 . 069 
7.15 1, 43 171 . 800 1. 80 1, 23 . 095 
6.79 1.30 174 . 695 1,94 93 .071 
6. 55 1, 27 161 . 688 1.73 1.09 086 
6. 64 1,19 . 153 . 570 1, 63 1,15 151 
7.11 1, 21 . 252 . 590 1.61 1.13 . 143 
6. 69 1,43 . 301 . 530 1,65 . 93 121 
6. 87 1, 21 .173 . 500 1,75 1.01 . 089 
7.31 1.17 . 124 . 495 1. 87 1.19 091 
6. 35 1.18 £127 . 555 1, 37 1,21 . 142 
6. 39 1, 21 .175 . 565 1,27 1,31 . 150 
6.61 1.37 .172 . 575 1.71 1,15 . 105 
6. 75 1.25 185 . 547 1.61 1,13 124 
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TABLE 8.—Composition of white ash leaves from trees in soils treated with different 
fertilizer elements and lime—Continued 


MEANS OF ALL TREATMENTS 
































| 
Treatment ! | Ash | N | P SiO. | K | Ca Mg 
] } kes hehe. 
| Percent | Percent | Percent | Percent | Percent Percent | Percent 
| 
Year | } | 
ist isin’ ste ipso pl os ase neo odio 7.10 1.44 0. 185 0. 551 1.73 1.04 0. 088 
Betas ae 6.19 | 1.07 161 683 61 1.19 122 
| 
SIGNIFICANCE OF VARIATIONS DUE TO YEARS AND TREATMENTS? 
Years SEA SS NES Ee ER COR EE RTS ae * * * * + a* 
OUI Soil i dcesSactmcdecseis 6 = oe - o _ oe 
N WANE See oS CN ial eb ERT PEO TEE SGN > in —- ** a — * ps 
L CR RR os Se GE ine Rea ec Be yey 6 * én ial * 
Beare ee footy er eee en 4] oa | PL + * an | 7 aie 
RAE RED SR oo ee ee aad. als ae ee ) | ** ** 





SPECIAL SAMPLES 1938 ONLY 








Peete MONE. oc oo oe cece 6.35 1.99 0. 193 0. 377 1,51 1,08 0.115 
RIE ONO os oa. eo 8. 59 1. 52 . 186 . 575 1. 62 1.42 . 099 
Dark mottled leaves. __........-.---- 7. 55 1.31 . 166 . 563 1. 86 -97 .072 





1 L=lime. 
2**Highly significant; *significant; almost significant; — not significant. 


the abnormal leaves were lower in N, P, and Mg, and higher in SiQ, 
and K than the normal. Whether these differences are significant 
is not known. 

NORWAY SPRUCE 


Data obtained at the end of one season (table 9) showed that growth 
of Norway spruce was less on the limed soils in 5 cases out of 8. 
Growth was poorest in the K-treated frames. The highest proportion 
of roots to tops was found in the NP frame, and the lowest in the K 
frame. These data are based on an average of 23 plants per frame, 
with 1 frame, NPK, having only 8 plants. No significance is attached 
to these differences; the data are given primarily for record. 


TABLE 9.—Response of Norway spruce to soil treatment with fertilizer elements and 
ly 8p 
lime, one season only, 1939 


[Number of plants per frame ranged from 8 to 30, with an average of 23] 


























Average dry weight of whole plant (tops and roots) i 
Ee Sar ahh ver- 
Soil with— age 
0 P PK K NK N NP NPK 

Grams | Grams | Grams | Grams | Grams | Grams | Grams | Grams | Grams 
TI sn senineaitbos wend 0. 67 0. 84 0. 80 0. 40 0. 76 0. 36 0. 68 0. 65 0. 637 
Ba cs Sa bodes cacenubink ioe . 52 . 51 . 46 45 .61 . 65 . 63 -70 - 566 
BIN. o ccncamenesan . 595 . 675 . 63 . 425 . 655 . 505 . 655 - 675 - 601 

Root-top ratio 

BMI Bey eS Hak eS 0.500 | 0.526 | 0.597 0.373 | 0.703 | 0.787) 0.823 0.573 0. 610 
| EE Re Eee . 598 . 649 . 554 - 678 . 669 . 765 . 716 . 631 - 657 
PIR goon antes . 549 . §87 . 575 . 523 . 686 .771 . 769 . 602 . 633 
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WHITE SPRUCE 


Full replication permitted statistical analysis of the data on white 
spruce, although the experimental design was systematic rather 
than randomized. Survival was extremely variable owing to a com- 
bination of factors most of which were independent of treatment. 
The data in table 10 show that lime had no effect on survival. 

The size of plants, based on average green weight of the whole tree, 
including roots, at the end of the second year was smaller on the limed 
series. ‘Among individual treatments, LK and LNK produced the 
smallest trees, and PK, NP, NPK, and LNPK the largest. Statistical 
analysis (table 11) reveals that differences due to L, P, and PK were 


TABLE 10. .-—Number of white spruce plants per frame and average green weight per tree 


Number of plants | ber frame 





Soil with— Series 





















































me ‘ ~ | Total 
0 | P PK K NK N NP | NPK 
Grams| Grams| Grams\ Grams| Grams| Grams| Grams} Grams| Grams 
: West 54 1 38 51 208 214 188 131 885 
No lime -|4Middle : 127 403 267 165 228 170 296 340 1,996 
East. --- Sa en 246 364 253 225 235 136 236 261 1, 956 
| Se, (rae 427 768 558 441 671 520 720 732 4, 837 
. —— ‘ 63 lll 35 159 186 147 304 183 1, 188 
Lime Middle... __-- 388 141 225 0 61 215 281 314 1, 625 
Best)... ANCES 239 242 281 304 335 254 216 180 2, 051 
| RES, TR re ‘ 690 494 54) 463 582 616 801 | 677 4, 864 
ics Stes Mbiatats thick aod 
Grane Coon sh cree cbse 1,117 | 1, 262 | 1,099 904 | 1,253 1, 136 | 1, 521 | 1, 409 9, 701 
um Average green weight per tree (tops and roots) 

West | 73 . 80 1. 59 . 83 91 1,15 1.80 2. 05 9. 86 
No lime_______--|4 Middle | 1.18 1,27 1. 51 . 93 1.16 1, 57 1, 55 1,71 10, 88 
East... ... .74 . 95 1, 23 Pf 1,19 1.00 .71 79 7.32 
WANES 25g lo Ze wick as tlag 2. 65 3. 02 4. 33 2. 47 3. 26 3.72 4. 06 4. 55 28. 06 
West__-- . .49 By | 1,14 37 27 . 32 1, 22 1.42 5.95 
Lime Middle__. .70 1.48 1. 20 0 . 20 95 1, 22 1. 68 7. 43 
East . 46 . 69 .73 . 61 . 42 .73 . 64 1.01 5. 29 
Tee... 2 | 1, 65 ay 89 3.07 98 . 89 2.00 3. 08 4.11 18, 67 
Grand total | _- E -| 4. 30 5.91 4, 40 3. 45 4.15 5.72 7.14 8. 66 46. 73 

Relative _- ¥ 300} 137| 172| 80| 97| 133] 166] 201 | fs 




















TABLE 11.—Analysis of variance for average green woigile per tree (white spruce), 
corrected by covariance for differences in stand 


_ [Based « on data in table 10) 











COR Mean square ane 
Variation due to— Dearne of (reduced ee 
{¥#]) 

Blocks. - 2 0. 607690 17,98 
I ioc ch cecuk ans ancl geaponaind é 1 1, 848082 124. 27 
Rte ei ae wh hd ed nse a wenauabasces 1 . 258040 3. 38 
Phosphorus._--- - -- 1 2. 202934 1 28. 93 
REE se AISI Sp ape ere pee ; spealect 1 . 019411 <i 
Se IID oe os. ou Conds Sccwacabhovesbetagnenes 1 . 657545 18, 64 
Lime X phosphorus. -- ---- Skea eee ang SOREN AGL ee rE 1 . 385563 5. 06 
Interactions____. Seabee ia anes a . 9 . 038517 <i 
Rasen ae or aS 1 . 282745 3.71 

Blocks X treatments (error) - --- oe 29 . 076136 
A he oh cag he denne Randoned ackebseriet ies eas asses Spd cies XA Neate dos heap 











~ 1 Significant. 
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significant, and that LP would undoubtedly have been significant had 
the treatments been randomized. The analysis of variance was cor- 
rected by co-variance for differences in stand. 

There was considerable variation in the root-top ratios on the dif- 
ferent frames but only those differences due to lime were significant 
(average without lime 0.586; with lime 0.633). 

No analyses were made of the white spruce plants. 


RESULTS WITH HYBRID POPLAR 
GROWTH 


The oven-dry (73° C.) weights of the trees, minus leaves and original 
cuttings, are given in table 12. Growth differences were quite pro- 
nounced, with nitrogen causing greatest response, lime next, and 
then phosphorus. Combinations of two or more elements were gen- 
erally more effective than any one element alone. The greatest 
average increase was 275 percent. Potassium was inconsistent in 
its effect, and in many cases growth was less with it than without. 
Similar behavior was observed in spruce. The significance of these 
differences is shown in table 13. 


TABLE 12.—Average dry weight per tree of hybrid poplars treated with different 
_ fertilizer elements and lime * 
































Block ee he ae | K | NK | N | NP | NPK | Total 
——| | | 
| Grams | | Grams | Grams | Grams | Grams | Grams | Grams | Grams 
West ___ ['13.9| 142) 147| 136| 31.7 | 57.9] 49.5] 49.7] 245.2 
Middle... | 143] 2238] 128] 127] 25.6] 21.7] 235.5 | 38.1 183. 5 
East.___.- i | 15.8 | | 22.1 13.3) 15.5] 25.7 31.0| 30.7| 363] 190.4 
Average | 147| 1971 136 rs 13.9| 27.7| 36.9 | 38.6 | 41.4] 619.1 
Relative. | 100 | 134 | 92 | | 94 | 188 250 | 263 | 282 i 
| | 
| | | | | 
| L | LP | LPK | LK | LNK| LN | LNP | LNPK| Total 
Raa Re caeml 22 — |——--—} |——— ae. 
| | | | | 
West 1 8 1.8} 23v.8 16.6 41.2 43.0 | 63.8} 53.4] 262.9 
Middle_- | 194{ 232| 21.4 | 20.1] 503) 625) 50.7 | 53.5] 319.1 
East___- , 15.9] 227) 2.6] 151] 820] 371] 413 5s. 5 243. 2 
Average | 16.9| 192| 2.0/ 17.3| 442] 47.5| 549] 55.1| 825.2 
Relative. .____- | 115, 131 136 118 | 300 | 323 | 874) 375 ae 
| NER HS ~ Se. AS a eS: | ‘ie San 
| L=lime. 


2 1 tree; in all other cases each figure is the average of 5 or 6 trees. 


TABLE 13.—Analysis of variance for average dry weight per tree of hybrid poplars 


{Based on data in table 12] 

















Variation due to— | Demets © : | Mean square Oeanved 
| 

Blocks betneacie Ketecids maakow cad ced ean by dcaee | 2 107. 724 1. 60 
Treatments. : 15 687. 341 210.19 

Blocks X Treatments (error) __- 30 67. 422 yh 
Total 47 266. 983 |.....---..-. 
Lime X nitrogen... | 1 395. 027 1 5.86 
Nc gcid wetmncues 1 884. 942 2 13.13 
RATES a SEIN ORC era pagacie Nor see 1 8, 350. 325 2 123. 85 
Phosphorus. 1 354, 797 1 5.26 
Potassium 1 43. 892 <1.0 
First order interaction (except LN) ----- 5 31. 430 <1.0 
Second and third order interactions. _- 5 24. 796 <LO 


1 Significant at 5-percent level. ees 





Le ? Significant at l-percent level. Bs 
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Differences in leaf color were quite apparent also. The leaves of 
all trees receiving nitrogen were a darker green than those without it. 

When the trees were removed at the end of the season it was found 
that the original cuttings had increased in diameter, the increase 
being greatest in those frames in which treatment resulted in the 
largest whip growth. A few representative data from this study are 
given in table 14. It will be recalled that all of the cuttings were of 
the same size when planted in the spring. The larger trees possessed 
longer and thicker roots also, but no measurements were made. 


TABLE 14.—Measurements showing relation between growth of whip and diameter 
growth of original cutting when trees were removed from frames at the end of the 
growing season ! 


Average 

Average dry Average weight of 

‘Treatment weight of diameter of cutting 
whips cutting when par- 


tially dried 








Grains | Millimeters Grams 
Risse yippee rere Teva tc iit al meee ae fey 13.9 | 9, 32 | 13. 
Dh desis eae IT ANNE EEE lS alee i ner tine ptitiiral « Siva ibaa yes ain nee 14.7 | 9. 60 | 13.15 
Da ag ce et A aes a aa gic la win ka Poa ae Sle 36.9 12. 36 | 22. 07 
esi det bah Meehan ellis neo dncaes$guateobee ott aedktas ta | 41.4 13. 70 27.16 


i All cuttings were the same size when planted in the spring. 
EFFECT OF TREATMENT ON SUBSEQUENT ROOTING 


Cuttings from the base, middle, and upper portions of the 18 
whips held over in cold storage from the previous fall were planted in 
moist sand on January 31. Thirty-three days later, March 4, the 
shoots and roots were removed from the original cuttings and the dry 
weights of each obtained. Both shoot growth and root develop- 
ment (table 15) were largest on the base cuttings and smallest on the 
top cuttings. Because the previous treatments had exerted such a 
positive effect on the size of cuttings, it is difficult to separate the 
effect of treatment per se on rooting or sprouting from that of size 
alone. However, the ratio of both shoot and root weight to cutting 
weight tended to decrease with increase in size of cutting. 

In the handling of the cuttings, a good many buds dropped off in 
spite of the care exercised to prevent it. It was observed that the 
cuttings which had received nitrogen the previous season lost their 
buds much more readily than the others. Confirmation of this 
behavior is necessary before conclusions can be drawn. Obviously 
the cuttings without buds failed to sprout or sprouted only weakly. 


Data from such cuttings were omitted when calculating the means in 
table 15. 


TABLE 15.-—Average amount of shoot and root growth, and ratio of shoot and root 
weight to cutting weight, in relation to position on whip 


Ratio of | Ratio of 
shoot root 
weight to | weight to 


Average weight of— 








Position on whip 


Cuttings | Shoots | Roots 








| cutting | cutting 
| | weight weight 
Grams Grams Grams 
b TEESE Sar ER cee ane Ree OF ONDA ERO WON SOP, 2.11 0. 44 0.025 0.211 0.0119 
Nil i EES SET IEG YAEL AN RI RIA. add 4. 51 .63 | . 043 . 149 . 0104 
Base 














of TRE EEE RES AR SER RS SINS ORS key BEN Ear) 8.09 | 1.09 | 074 | - 140 | - 0102 
| | 
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COMPOSITION OF PETIOLES AS INDICATED BY PLANT TISSUE TESTS 


The results of plant tissue tests made August 17 on the petioles 
from all treatments, and those of October 11 on six of the treatments 
are given in figures 2 and 3, together with the yield and soil test 
data. Figure 2 shows that the application of phosphorus definitely 
increased the phosphorus content of the soil in all cases, but the 
concentration in the petioles was increased only in those cases where 

rowth was limited by lack of nitrogen. Potassium treatment 
increased the amount of available potassium in the soil; in the petioles 
the increases occurred chiefly on the limed plots. 

Calcium was more abundant in the limed soils, of course, but the 
increase in the petioles was slight. Other treatments had relatively 
little effect on the calcium content. Magnesium in the soil was slightly 
greater in the limed frames but otherwise showed little variation. In 
the petioles magnesium was highest in the N and NP treatments; 
potassium appeared to repress assimilation of magnesium. Recent 
studies by Boynton and Burrell (1) have shown that magnesium 
deficiency in McIntosh apple trees may be induced by potash fer- 
tilization. 

The phosphorus relationships shown in figure 3 are essentially like 
those in figure 2 as far as they go. However, the phosphorus content 
of the petioles for the PK treatment was only a fraction of what it was 
on August 17. Apparently, this difference is a characteristic seasonal 
one. he potassium concentration in the petioles was somewhat 
lower in October but otherwise the relationships are similar to what 
they were in August. Calcium and magnesium were generally higher 
in October. Tissue tests showed no nitrate nitrogen in the petioles. 


DISCUSSION 


The relatively slight response of red pine to the treatments is not 
surprising considering the low requirements of that species. Norway 
spruce is generally considered as having somewhat higher nutritive 
requirements, but the limited data in this particular experiment are of 
little value in supporting that view. There is no question as to the 
response of white spruce to phosphorus, either alone or with potas- 
sium, and of the adverse effect of lime. 

Among the hardwoods, southern red oak was adversely affected by 
lime but was apparently benefited generally by fertilizers. Sugar 
maple, white ash, and hybrid poplar responded readily to lime and 
fertilizer. The poplars as well as the spruces seemed to be adversely 
affected by potassium when used alone. In this connection Eriksson 
(5) reports that in some soils, particularly those relatively rich in 
sesquioxides, phosphorus fixation is increased through the application 
of K salts, especially in muriate form, and crop yields are reduced, 
except at high levels of P. Even where yields were not affected, the 
P content of the plant (barley and oats) was lower. Eriksson’s theory 
is that potassium restricts hydrolysis of the amphoteric soil complexes 
and increases the formation and precipitation of Fe and Al phosphates. 
If this theory is correct it might explain the poor growth in the K- 
treated frames of Norway and white spruce. There is no evidence 
that potassium treatment had any consistent effect on the phosphorus 
content of the oak, maple,-and ash leaves or the hybrid poplar petioles. 
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Ficure 2.—Relation between dry weight of trees, composition of petioles, and 
available nutrients in soil (Morgan’s quick test method). Sampled August 17. 
Plant petiole data given in parts per million; soil test data on arbitrary scale 
of 1 to 10—1 being very low and 10 very high. 
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Ficure 3.—Relation between dry weight of tree, composition of petioles, and 
available nutrients in the soil (Wolf method). Sampled October 11. The 
hree bars in each treatment represent the three blocks or sets of frames. 
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In considering the relationships between growth, leaf or petiole 
composition, and soil tests, it is apparent that for most of the species 
tested nitrogen was the limiting element. The phosphorus content of 
the leaves of oak, maple, and ash increased with the increase in avail- 
able phosphorus in the soil, but similar increases from potassium and 
calcium were evident only in the maples. The only correlation ob- 
served between growth and soil composition was in the case of red oak 
in which growth decreased with increase of soil calcium. 

The soil under hybrid poplars contained some nitrate nitrogen in 
August but none in October. In August, the P and PK treatments 
resulted in luxury consumption of phosphorus, and there was not 
enough nitrogen present for satisfactory growth. The larger plants 
produced when P and N were included resulted in a dilution effect 
in the plant, although soil tests indicated an ample supply of available 
phosphorus. It is quite probable, however, that a still greater supply 
of phosphorus would have given a higher concentration of phosphorus 
in the petioles. This has been the experience of Scarseth (14), 
Carolus (2), Ulrich (19), and others, including the writer in work 
with table beets, spinach, and snap beans (not published). Whether 
or not a greater supply of phosphorus would have resulted in larger 
trees is not known. 

Potash without nitrogen resulted in a high concentration of potas- 
sium in the soil but had only a moderate effect on the amount in the 
petioles. With N, however, more K was absorbed by the plant, as 
indicated by the somewhat lower soil test: but higher plant tissue test. 
The available Ca content of the soil in relation to the various treat- 
ments has already been discussed {p. —). The calcium content of the 
petioles decreased slightly with increase in yield. The data on mag- 
nesium indicate that absorption of that element was enhanced by N 
and repressed by K. Siichting et al. (18) found that liming resulted 
in a lower potassium content of the plant. Némec (13) found this to 
be true (a) where the soil was high in P and K and practically neutral 
in reaction, and (b) on soils low in P and K and quite acid. He 
found that lime increased K absorption on soils (a) high in P, low in 
K, and nearly neutral, and (b) high in P and quite acid, irrespective 
of the K content of the soil. In this study the data show very little 
correlation, on the whole, between available calcium in the soil and 
the potassium content of the leaves. 

Variation between individual trees is generally greater where root 
space is limited and competition severe, as when five or six trees are 
growing in a 2-by-2 foot area. The variation exhibited by the poplars, 
while considerable, was much less than that shown by the preceding 
species which were ordinary seedlings whose genetic history was un- 
known. The advantages of using cuttings from a single clone are 
apparent. 

Response to treatment by the poplars was considerably greater 
than it was by the previous species owing to the more rapid growth of 
the poplars. This rapid growth, which makes it a valuable tree in 
pulpwood prodtiction, as shade tree and windbreak, and for various 
other uses such as excelsior and cellulose manufacture (17), seems to 
place it in a class with farm crops in respect to nutrient requirements. 
There is no question but that a fast-growing tree is a more suitable 
indicator plant for forest trees than a fast-growing, shallow-rooted 
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annual like corn, for instance. Can it be assumed, however, that 
any fast-growing plant can indicate the needs of a slow-growing one 
even though they may be similar in all respects except rate of growth? 
For example, the requirements of oak, being low, permit the tree to 
live on nutrients which become available slowly in the soil—too slow 
for poplars. For that reason, oaks grow satisfactorily on relatively 
poor soil without benefit of fertilizer treatment; and if fertilizers are 
used, the response is only moderate. Perhaps the chief advantage of 
a fast-growing species as an indicator plant is to show what is needed 
but not how much. 

While the response (or lack of it) shown by experiments of this kind 
are indicative of the requirements of the species in question, it is rec- 
ognized that the magnitude of response observed in pot or tank cul- 
tures is not generally obtained in the field. Restriction of root space 
tends to intensify the differences resulting from treatment. This is 
particularly true with trees and other plants with large root systems. 
Nevertheless, the experiment shows that most species are benefited 
by a relatively high fertility level; that some are favored by lime and 
some are not, aha that of the three main plant food elements, potas- 
sium is the least apt to be limiting. 

Another angle of the nutrition problem—the extraordinarily favor- 
able effect of humus materials, composts, and sod which have been 
reported in the literature (16)—was not touched upon in this investi- 
gation. It is, however, a profitable field for future studies in our quest 
for the answer to the all important question, How can the success of 
hardwood plantings in open fields be assured? 


SUMMARY 


A set of 48 concrete-walled frames, each 1/10,000 acre in size and 
containing Cheshire loam, was used to determine the growth response 
to lime and fertilizer of red pine, southern red oak, sugar maple, Nor- 
way spruce, white ash, and white spruce ‘seedlings, and single clone 
hybrid poplar cuttings. Treatments consisted of N, P, and K, alone 
and in various combinations, with and without lime. 

Soil tests show that the treatments resulted in very marked differ- 
ences in the fertility level and acidity of the soil. 

Red pine made less growth in the limed frames; differences due to 
other treatments were relatively small. Southern red oak was like- 
wise adversely affected by lime. Response to other treatments was 
inconsistent but appeared to be greater on the nitrogen-treated soil. 

Norway spruce, like red pine on oak, was adversely affected by lime. 

Lime had an adverse effect also on white spruce, but P and PK were 
beneficial and the results were statiatically significant. Root-top 
ratios were higher with lime than without. 

The concentration of the major elements in the leaves (or petioles) 
of the hardwoods was increased, in general, by treatment with those 
elements. In oak the SiO, content was considerably lower and the 
phosphorus higher on the limed soils. In maple, the ash content was 
affected significantly by the lime, P, and K treatments. In white ash, 
the phosphorus content was affected by N as well as by P; silica was 
influenced by lime and P; calcium by N and K; and magnesium by 
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lime and K. In both maple and ash, a high concentration of K in 
the soil resulted in a lower concentration of calcium in the leaves. 

Growth of hybrid poplar was more uniform and the response to 
treatment considerably greater than it was with the other species. 
Nitrogen caused the greatest response, lime next, and phosphorus 
third. Potassium was inconsistent in its effect. 

The original cuttings increased in size during the growing season 
more or less in proportion to the growth of the whips. 

Subsequent rooting and sprouting of cuttings taken at the end of 
the season from whips produced during the summer tended to be 
more or less proportional to the size of the cuttings. The effect of 
treatment per se could not be isolated from the effect of cutting size. 

In the petioles the phosphorus concentration was, in general, in- 
versely proportional to the growth of the tree, but potassium was 
increased more or less irrespective of growth. Calcium increased but 
slightly. Magnesium absorption was highest in the NP frames and 
appeared to be repressed by K. 

The principal facts brought out in this work are that (a) the pine, 
spruces, and red oak were adversely affected by lime, but sugar maple, 
white ash, and hybrid poplar were benefited by it; (b) response to 
nitrogen and phosphorus was low in the case of red pine and Norway 
spruce, but medium to high for all other species; (c) response to potas- 
sium, in spite of the low level of available potassium in the untreated 
soil, was negative in most cases. The rapid growth of hybrid poplars 
would seem to make them ideal for use in nutritional studies of 
forest trees, but the writer is of the opinion that the requirements of 
this or any other fast-growing tree may be quite different from those 
of a slow grower, hence results obtained with the former should not 
be applied to the latter without due caution. 
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THE EFFECT OF SOURCE OF LITTLE BLUESTEM GRASS 
SEED ON GROWTH, ADAPTATION, AND USE IN RE- 
VEGETATION SEEDINGS'! 


By Donatp R. CorNnELIvs ? 


Formerly associate agronomist, Nursery Division, Soil Conservation Service, United 
States Department of Agriculture 


INTRODUCTION 


The revegetation of cultivated land and depleted ranges to grass in 
the Great Plains during the past 10 years has required large amounts 
of grass seed. Under certain conditions of low rainfall and erosion, 
the native species were found to be better adapted than introduced 
species but seed supplies were not readily available. Methods of 
harvesting seed of grasses from native prairies have been developed, 
but the production of such seed in the Great Plains is erratic because 
of fluctuating climatic conditions, and the movement of seed supplies 
from other regions of the United States to meet the demands has not 
proved feasible. 

When seed of native grasses from different sources was brought 
together in Soil Conservation Service nurseries to determine their 
relative value and adaptation for revegetation seedings, it was found 
that great differences existed within certain species in respect to time 
of flowering, seed and forage production, winter hardiness, and other 
factors important to the revegetation program. This situation 
prompted a study of little bluestem (Andropogon scoparius Michx.) 
from 16 different sources, as shown in column 2 of table 1. 


REVIEW _OF LITERATURE 


Variations in plant characteristics and behavicr ef Andropogon 
fureatus (5),3 Bouteloua curtipendula (2, 7), B. gracilis (2, 3, 8, 9), 
Panicum virgatum (1), and many other species from different sources 
have been discussed or photographs published by several individuals. 
These plant variates have been designated by various names such as 
biotypes (2), isolates (6), geographical strains (7), and ecotypes (11, 
12). The writer considers Turesson’s (11, 12) designation of ecotype 
to be the most appropriate for the plant accessions discussed in this 
paper. Turesson proposed the term ‘“ecotype’”’ for an ecological unit 


1 Received for publication November 20, 1945. | 

2 The author gratefully acknowledges the assistance received from members of 
the Kansas Agricultural Experiment Station during the course of this study. 

3 Italic numbers in parentheses refer to Literature Cited, p. 142. 
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arising as a result of the genotypical responses of an ecospecies to a 
particular habitat. 

Although significant morphological differences were found in bio- 
types of Panicum virgatum, as reported by Nielsen (6), and Bouteloua 
gracilis and B. curtipendula, as reported by Fults (2), neither of these 
investigators found any regional segregation of races on the basis of 
chromosome number. The chromosome complements could not be 
correlated with the biotypes. Chremosome determinations were not 
made in this study. 


METHODS 


Seedlings were started in the greenhouse in March and transplanted 
to the field in May 1939. The soil was alluvial fine sandy loam of good 
fertility. A plant was set every 30 inches in the row and the rows 
were 30 inches apart. Twenty seedlings were transplanted for each 
ecotype, but survival was not good and only 208 plants remained for 
study. Complete detailed measurements were not taken for more 
than 10 plants of any one ecotype on account of the time required. 

Since the plants did not become well established until 1940, data 
were not recorded in 1939. In 1940, 1941, and 1942, the seed for cary- 
opsis counts was stripped from the plants by hand as soon as it was 
mature. The date that each plant came into full bloom was recorded 
in 1941. The dry weight of individual plants was obtained for 1940 
and 1941 at the end of the growing season in October. The height 
of each plant was taken at the end of the growing season in 1940, 
1941, and 1942. 

Rod-square plots of eight ecotypes listed in table 6 were field-seeded 
in May 1938. One series of these plots was seeded broadcast. A 
second series was seeded in 14-inch rows. The soil was similar to 
that used for the individual plant study. A good stand emerged with 


both methods of seeding in early June. Observations were made until 
1942. 


EXPERIMENTAL RESULTS AND DISCUSSION 
FLOWERING DATE 


The most northern ecotypes, those from North Dakota and Wyo- 
ming, flowered in late June, whereas the more southern ones, from 
Texas and North Carolina, did not flower until September or October 
(table 1, column 3). Analysis of variance shows a highly significant 
difference between the time the various ecotypes came into full bloom 
(table 2). Statistical calculations in this paper were computed 
according to methods of Snedecor (10). 


TaBLE 2.—Analysis of variance for flowering time of 208 little bluestem plants 
representing 15 ecotypes, 1941 




















ada Degrees of Sum of Mean . 
Source of variation freedom squares square F 
| RA SSI ea eee RRS e OG. es We the CET « 207 1 fg) Sa GAs naa ees 
Between ecotypes._...........__- ERR aE a Rs ee 14 157, 890 11, 277.9 70. 22* 
SRN a re 193 30, 997 WO ouias deen 








“Exceeds F for P of 0.01 with appropriate degrees of freedom. 
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The actual flowering dates of the ecotypes are very close to the 
theoretical dates that might be expected by the application of Hop- 
kins’ bioclimatic law (4). The date, August 19, which was the actual 
date for the Manhattan, Kans., ecotype (accession No. KG480) was 
used as the base date. The latitude, longitude, and altitude of the 
place in which the seed originated were compared for each ecotype 
with similar data for Manhattan, Kans. Four days for each degree 
of latitude, 1 day for each degree of longitude, and 1 day for each 
100 feet in altitude were added or subtracted from the Manhattan 
values for these three constants. The values obtained by these cal- 
culations were converted into the number of days earlier or later than 
the flowering date for the Manhattan ecotype (August 19) and given 
as the theoretical dates in column 4 of table 1. A highly significant 
correlation of +0.9819 was found to exist between the actual flowering 
date and these theoretical flowering dates based on Hopkins’ biocli- 
matic law. 

All ecotypes were observed to start growth at approximately the 
same time in the spring. The number of days after June 15 that each 
ecotype was in full flower is given in table 3. 


TABLE 3.—Average number of days after June 16 that little bluestem ecotypes from 15 
different sources were in full flower at the Manhattan, Kans., Soil Conservation 
Service grass nursery, 1941 











| Days after 

Accession No. Source June 15 

(means)! 
DNR See ued es iota Saeed I Ee ee 4. 63 
MED ch nidncidy ddaveeuckeebindd ON EE SERGS (PAL Opp ee Cee RR CaS 5.81 
HCG RSE Sar ei CR oa are he Oi os a 32. 64 
BED ulackstuescsoadicaskaste ES AE EAS 2 OC ARES SiS OE SR BARE Es 39. 82 
RE sitet Sh bh wares ha wwiesve bie RET ISS CREO ae, Tee Cape ty Ea eee 41.00 
NT aE i SE LOR aera I Mel I on a cn eet 58. 94 
SPRATT GARE aaa eR TE aes aS SN SEE Re a RUS ae eee eee 63. 50 
I a thd ok 6 aicte greta EEE Gib ESR Sec gd Fane a eens 63. 65 
See ee eee. Manhattan, Kans 65.05 
EE 2.5 cic bh ocdiwte nk eceae Orlando, Okla. _____..-__- Biucawey, 69. 60 
| ee Jndath del seeped ONE aa NB a Sere winks alk 4G 71.70 
SIRES SSF Sy PER 2: Ardmore, Okla.............-.-- ¢ lakaacewecks gens 74. 89 
ee SR Eel a ee i 9 ee oe ce iota 75. 79 
RRR ESE SE eran ee i Se oe ae LPS EDI Meet ae 87. 33 
a ae RUIN ot Sak otto ace cainn 0X Pages 131, 22 








a Least significant mean difference= 10.74. 
SEED PRODUCTION 


The weight of seed produced by each plant was not determined. 
Caryopsis counts were made for each ecotype giving the percent of 
florets containing mature caryopses. These data are given in columns 
5, 6, 7, and 8 of table 1. The two earliest ecotypes, from North 
Dakota and Wyoming, were below the yearly averages of all sources 
in 1941 and 1942. Early flowering frequently coincides with periods 
of hot winds unfavorable to seed production. Late August and early 
September flowering of the Kansas and Oklahoma ecotypes favor a 
good seed set. The late September or October flowering of the Texas 
and North Carolina ecotypes resulted in frost injury in 1941 and 1942. 
The Edna, Tex., ecotype was so late in developing inflorescenses that 
seed was not produced in any of the 3 years. 


DRY WEIGHT OF PLANTS 


The lowest dry weight per plant was produced by the northern 
ecotypes from North Dakota (fig. 1, A), Wyoming, and Nebraska 
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(columns 9, 10, and 11, table 1). These ecotypes did not appear to 
grow much more than the others in early season, and they stopped 
growth at their flowering time about midsummer. The local (fig. 
1, B) and southern ecotypes, on the other hand, continued growing 
until late summer. Some of the southern ecotypes had fresh green 
leaves at frost time, whereas leaves of the northern ecotypes had 
begun to dry by midsummer and were completely dry by late summer. 
The most vigorous and productive ecotype was from Vernon, Tex. 
(fig. 1, C). The nine plants ranking highest in dry weight (fig. 2) 
were from this ecotype. Plant breeders engaged in developing 
superior strains may be able to use such plants for introducing 
vigor and high yield. The difference between ecotypes was highly 
significant for each of the 2 years that weights were taken, 1940 and 
1941, as shown in table 4. 
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Figure 1,—Individual plants of little bluestem representing three different 
ecotypes grown at Soil Conservation Service nursery, Manhattan, Kans., 1942: 
4 KG570, Towner, N. Dak.; B, KG473, Eldorado, Kans. ; "és KG531, Vernon, 

ex. 


TABLE 4.—Analysis of variance of dry weight per plant for 16 ecotypes of little 
bluestem, 1940 and 1941 














j | 
" i | Dezrees of | Sum of Mean | ; 
Source of variation freedom | squares square f 
1940 data 
2 TiC As SRT SR gs . 3 ae Seetat : o Bias Sh, ee ben hh Slats Rison 
MOUS iio ee ae 15 | 6, 469, 989 431, 333 18. 80* 
Wy IIE 3 hdcas ca bern liu aes Sn Cee a 202 | 4,634, 224 OE OR Fs i Re 
1941 data 
ZORRO RE RE CARE 2Uky RES og IeN Fy OS TRC S ES EE DER 1 Oe ee Bice dainct si dks Bees 
NE IE oi 5 Soin. 5. ccctein gg svat w webs 15 | 28, 354,960 | 1, 890, 331 20, 38* 
Within ecotynes __ __ . » 127 | 11,781, 962 St TE 











*Exceeds F for P of 0.01 with appropriate degrees of freedom. 
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(TENTHS OF GRAMS ) 


WEIGHT OF INDIVIDUAL PLANTS 


£ *9.7130 + 157.3965 





° 
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NUMBER OF DAYS AFTER JUNE 15,1941,THAT INDIVIDUAL PLANTS FLOWERED 


Figure 2.—Regression of dry weight at maturity on flowering date in 133 plants 
of little bluestem grown at the Manhattan, Kans., Soil Conservation Service 
nursery in 1941, 
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HEIGHT OF PLANT 


The North Dakota and Wyoming ecotypes averaged less than 30 
inches for the 3-year period (table 1). The Nebraska and Iowa 
ecotypes were about 35 inches tall, whereas those from Kansas and 
Oklahoma ranged from an average of 44.7 to 53.0 inches for the 3 
years. The greater altitude of Douglas, Ariz., apparently produced 
an effect similar to northerliness, as was shown by the fact that the 
Douglas ecotype had a height of only 37.6 inches, flowered earlier, and 
had a lower dry weight than other southern ecotypes. The Vernon, 
Tex., ecotype was the tallest, the average height being 61.3 inches, 
with one plant in 1942 having the maximum height of 78 inches. The 
relative height of northern, local, and southern ecotypes is shown in 
figure 1. The difference in height of the various ecotypes was found 
to be highly significant by analysis of variance (table 5). 


TABLE 5.—Analysis of variance for height of 16 ecotypes of little bluestem, 1940 to 
1942, inclusive 





Degrees of | Sum of Mean 











Source of variation freedom squares square F 
| r. 
| 1940 data 
A ARR RD cop te a REO En tere NC PRN ge wpe ar 219 LS ager ah Mae Reo aay 
Between ecotypes......._...-.....-.....----- ay 15 | 13, 249 883. 27 38. 15* 
Within ecotypes__._._.-_...._-.- : Se Nesatie 204 | 4, 722 Re MOR rane aga 
| 1941 data 
i” * RES plan oN Rae RO SoBe ge ir Santee eA RST rTP SEI 214 | PR i eketetoaveaapeek 
1 eee aR IO ae IO Poy Se GaP ane Teen ah eh 15 | 18, 658 1, 244 41.47* 
Within ecotypes___....-.___-- | 199 5, 998 , SR ese ea 
| 
1942 data 
REN EEL DE OS a Se TB GEG Chie acdacoiaen 211 > a RRR Reis atin Cyn Ray 9 
MCI UN oo eG eS a ee 15 | 21, 857 1, 457 58. 28* 
We RO 5 ete ce osi nace loe he cavageaasuns | 196 | 4, 881 ph SUR 
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*Exceeds F for P of 0.01 with appropriate degrees of freedom, 
FLOWERING DATE AND WEIGHT OF PLANT 


Flowering time usually marks the end of vigorous growth for most 
grasses. Therefore, early flowering of warm season grasses reduces 
the length of time in which the plants produce the best grazing 
and lowers the total yield of dry weight per plant in plants left te 
the end of the growing season. To determine the effect of flowering 
date upon dry weight ot plant at maturity the regression coefficient 
was determined for. 133 plants in 1941 as H=9.713X+ 157.3965, as 
given in figure 2. Correlation of these two characters was +-0.5775, 
which is highly significant for the appropriate degrees of freedom. 


WINTER HARDINESS 


The individual plants in this test were sufficiently favored by 
location to permit all the ecotypes to survive the winter. The suscep- 
tibility of certain ecotypes to winter injury was found when different 
ecotypes were compared in rod-square plots. Unfortunately, all of the 
same ecotypes could not be tested in both rod-square plots and 
as individual plants because of limited seed supply and facilities. The 
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rod-square plots did not afford enough replications for statistical 
analysis. However, the differences between certain ecotypes were 
sufficiently great, as shown in figures 3 and 4, to justify the conclusion 
that all ecotypes should be carefully tested for winter survival before 
they are moved very far northward for large scale plantings. Table 
6 gives the percent of winter injury for eight ecotypes tested in 
1940-41. 





Figure 3.—Little bluestem ecotype, origin Manhattan, Kans., grown in rod- 
square plot Soil Conservation Service nursery at Manhattan, showing good 
spring growth as a result of complete winter hardiness. Photographed May 
10, 1941. 











Feb. 15,1947 Revegetation Seedings With Little Bluestem Grass 14] 








Fiaure 4.—Little bluestem ecotype, origin Schulenburg, Tex., grown in rod- 
square plot Soil Conservation Service nursery, Manhattan, Kans., showing weak 


spring growth and considerable winter injury. 


Photographed May 10, 1941. 


TABLE 6.—Winter injury of little bluestem ecotypes tested at Manhattan, Kans., 


Soil Conservation Service nursery in rod-square plots, 1940-41 


Accession number 


Origin of ecotype 


Towner, N. Dak.-- ae "aia mesa 
Se Be ae. 
Manhattan, Kans 


PC, OU es a sss keene 


Idabel, Okla 

Clovis, N. Mex 
Gatesville, Tex eae, 
Schulenburg, Tex _- 


Percentage injury 


| 
Broad- 14-inch 


cast rows 
0 | 0 
0 | 0 
0 0 
| 0 | 0 
20 30 
50 10 
80 | 4n 
75 70 
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SUMMARY 


Little bluestem (Andropogon scoparius) plants were grown at the 
Soil Conservation Service nursery, Manhattan, Kans., from seed ob- 
tained from 16 different sources representing different ecotypes. Two 
series of rod-square plots in which eight ecotypes were represented 
were observed from 1938 to 1942. 

The northern ecotypes were earlier in maturity and lower in forage 
production than the southern ones. The local ecotypes were inter- 
mediate. Higher seed set was obtained with the local ecotypes, which 
flowered in late August or September. The early northern ones 
suffered the hot winds of midsummer at flowering time and the later 
southern ones were sometimes frosted in October. 

There were significant differences between ecotypes with regard to 
time of flowering, dry weight at end of growing season, and height. 
A high correlation existed between actual flowering-date and a theo- 
retical date computed from Hopkins’ bioclimatic law which takes into 
consideration the difference in latitude, longitude, and altitude of the 
original sources. A highly significant correlation was found between 
flowering date and dry weight of plant at close of season. The re- 
gression coefficient for the effect of flowering date on dry weight of 
plant was determined. 

Winter injury of southern ecotypes was observed in rod-square plots in 
which eight ecotypes were tested. It appears to be advisable to test 
ecotypes carefully before seed is transported great distances for large- 
scale plantings. 
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